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Summary

Objectives: To determine how long
PRRSV-infected pigs remain contagious to
age-matched sentinel pigs and whether the
infected pigs are intermittently or continu-
ously contagious.

Methods: In each of two trials, five 4- to 6-
week-old pigs (Principals) housed in one
isolation room were inoculated with
PRRSV. Pairs of age-matched sentinel pigs
(Sentinels) were sequentially placed in di-
rect contact with the Principals for 2-week
periods, with 1-week intervals between
pairs. Serum samples collected from Senti-

nels were tested by virus isolation and se-
rology (ELISA) to determine whether
transmission had occurred. Eight pairs of
Sentinels were rotated through the Princi-
pals’ rooms over a 165- or 167-day period.

Results: The Principals were contagious
through Day 62 but not after Day 69 in
the first trial and through Day 60 but not
after Day 67 in the second trial.

Implications: This study demonstrated
that seropositive, non-viremic, grower-aged
pigs may be the source of spread of PRRSV
in grow-finish units. The results also sug-

gest that infected grower-aged pigs used as
a source of PRRSV for natural infection of
gilts of similar age in young-gilt acclima-
tion programs may only be relied upon to
transmit PRRSV for a maximum of 60
days.
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orcine reproductive and respiratory
P syndrome virus (PRRSV) may cause

a potentially devastating disease in
swine herds. Understanding the ecology of
PRRSYV, particularly its transmission, is
imperative in the development of successful
prevention programs. Research has docu-
mented transmission between pigs in direct
contact and allowed some estimation of
how long pigs remain infectious. In one
such study, a sow infected 99 days earlier
transmitted virus to naive finisher pigs.!
The use of a previously infected but as-
ymptomatic sow illustrated the potential
for “recovered” animals to be the source of
infection to naive herds and demonstrated
for the first time that PRRSV may persist
in vivo. In another study, sentinel pigs
seroconverted after they were placed in
contact with pigs experimentally infected
with PRRSV 56 days earlier.” However, in
this case, transmission no longer occurred
when sentinels were placed in contact with

pigs infected 140 days earlier. Pigs that
had been infected 182 days earlier and
then treated with prednisolone acetate for
5 consecutive days in an effort to cause
immunosuppression also did not transmit
the virus to sentinels. The length of time
pigs remained contagious was also investi-
gated in a study in which principal pigs
were infected by their experimentally in-
oculated dams.? Sentinel pigs became
infected with PRRSV after direct contact
with prednisolone-treated, 154-day-old
principal pigs. Researchers at South Da-
kota State University have reported trans-
mission of PRRSV from pigs infected in
utero up to 112 days of age.*

Yoon et al® observed that PRRSV viremia
tended to be shorter and took longer to
develop as the interval between initial
inoculation of principals and introduc-
tion of sentinel pigs increased. In their
study, only two of four pigs in a sentinel
group became viremic when exposed 24
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days after the principals were inoculated,
indicating that the transmission rate de-
clined with time even though new sentinel
groups were exposed to previous sentinels
as well as principals.

Although it is evident from previous stud-
ies that PRRSV-infected pigs remain conta-
gious for extended periods of time, impor-
tant questions remain. The goal of this
study was to further characterize the trans-
mission of PRRSV to answer some of these
questions. The specific objectives of the
study were threefold: to determine how
long a group of PRRSV-infected pigs re-
mains contagious to age-matched sentinel
pigs; to determine whether PRRSV-in-
fected pigs are intermittently or continu-
ously contagious; and to determine
whether pigs serologically negative by
PRRS ELISA are contagious to age-
matched sentinel pigs.

Materials and Methods
Animals

In each of two trials, 35 pigs were ob-
tained, after segregated early-weaning, from
a herd known to be free of PRRSV through
frequent serological testing. A different
herd was used as the source of pigs for each
trial. Female pigs were used in Trial One
and castrated males in Trial Two. After
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arrival from the farm of origin, the pigs
were placed in isolation rooms for 24 days
(Trial One) or 15 days (Trial Two), until
the beginning of the experiment. On the
first day of the experiment (Day 0), pigs in
Trial One were 36 to 38 days old and pigs
in Trial Two were 29 to 33 days old.

On Day 0, pigs were randomly assigned to
one of two groups: Sentinels (n = 30) or
Principals (n = 5). Sentinels were divided
into four groups of seven or eight pigs
housed in separate isolation rooms, and
Principals were housed together in a fifth
isolation room.

All pigs were seronegative by PRRS ELISA
(HerdChek PRRS; IDEXX Laboratories,
Westbrook, Maine) on Day 0.

Virus inoculation

On Day 0 of Trial One, the Principals were
inoculated intranasally on inspiration (0.5
mL per naris) with PRRSV inoculum con-
taining 10> median tissue culture infec-
tive doses (TCIDsg) per mL. The virus,
PRRSV 16244B, was originally isolated
during an acute outbreak of PRRS on a
Nebraska farm and had a restricted frag-
ment length polymorphism (RFLP) pat-
tern of 1-5-2.

On Day 0 of Trial Two, the Principals were
inoculated intranasally on inspiration (0.5
mL per naris) with PRRSV inoculum con-
taining 10%7 TCIDsq per mL. The virus
originated from southeast Iowa (obtained
from Dr W. Mengeling, USDA, ARS,
NADC, Ames, lowa) and had an RFLP
pattern of 1-4-2.

Experimental Design

A pair of randomly selected Sentinels was
placed in direct contact with the Principals
on post-inoculation (PI) Day 6 (Trial One)
or PI Day 4 (Trial Two) for an exposure
period of 2 weeks. After these Sentinels
were removed from the Principals’ room,
they were held in another isolation room
for an additional 2 weeks (isolation pe-
riod). One week after the first pair of Senti-
nels was removed from the Principals’
room, two more Sentinels were placed in
direct contact with the Principals for a 2-
week exposure period and were also moved
to another isolation room for a 2-week iso-
lation period. This rotation was continued
through eight pairs of Sentinels.

On Day 0 of each trial, blood samples were
collected from all pigs. Blood was collected
from the Sentinels on the first and last days
of their exposure period, and on the last

day of the 2-week isolation period. Blood
was collected from the Principals on the
first and last days of each exposure period.

Sample collection and testing
Blood samples were collected from the
jugular or anterior vena cava using
Vacutainers (Becton Dickinson, Franklin
Lakes, New Jersey). Serum samples were
stored at —80°C until tested for PRRSV by
virus isolation and for PRRSV antibodies
by ELISA (HerdChek PRRS; IDEXX
Laboratories). Isolation of virus from se-
rum or positive ELISA results in Sentinels
after exposure to the Principals was consid-
ered evidence that transmission had oc-
curred. An ELISA sample:positive (S:P)
ratio 0.4 was considered positive.

Virus isolation

Monolayers of 2- to 3-day-old MARC 145
cells in 12- or 24-well plates were inocu-
lated with 300 ul of serum per well and
incubated for 1 hour at 37°C with 5%
CO;. Medium was removed by pipette and
then replaced with 1 mL per well of Mini-
mum Essential Medium with 0.2% gen-

tamicin. Cells were incubated for 7 days at
37°C with 5% CO; and observed daily for
signs of cytopathic effects (CPE). If CPE
were observed, or at the end of 7 days,
plates were frozen and thawed. After thaw-
ing, 200 uL of the medium containing cel-
lular debris from each well of these plates
was used to inoculate wells in new 12- or
24-well plates containing monolayers of 2-
to 3-day old MARC 145 cells. The proce-
dure for the first passage was repeated. At
the end of the 7-day incubation period, or
sooner if CPE were evident, the cells were
fixed with acetone-methanol and stained
with PRRSV fluorescent monoclonal anti-
body conjugate SDOW17 (David Benfield,
South Dakota State University, Brookings,
South Dakota).

Results
Trial One

All five Principals were viremic on Day 6
PI, and two of the five were viremic on
Day 20 PI. Virus was not isolated from the
serum of any Principal after Day 20 PI. All
Principals seroconverted by Day 20 PI and

Table 1:Transmission of porcine reproductive and respiratory syndrome virus
(PRRSV) to pairs of age matched Sentinel pigs placed in direct contact with

inoculated Principal’ pigs for 2 weeks.

Trial One2 Trial Two3
Sentinel Exposure Transmission> Exposure Transmission5
pair period4 period4

Pl days Pl days
1 6 -20 Yes 4 -18 Yes
2 27 - 41 No 25 - 39 Yes
3 48 - 62 Yes 46 - 60 Yes
4 69 - 83 No 67 - 81 No
5 90 -104 No 88 -102 No
6 111 -125 No 109 -123 No
7 132 - 146 No 131 - 144 No
8 153 -167 No 151 - 165 No

Five Principals in each trial were inoculated with PRRSV on Day 0 post inoculation

(P1). All Principals and Sentinels were seronegative on Day 0.

All Principals were viremic on Day 6 Pl, two on Day 20 Pl,and none on Day 27 Pl or

later. All Principals were seropositive by Day 20 Pl and remained so for the rest of the

trial.

3 All Principals were viremic on Day 4 PI, four on Day 18 Pl, all on Day 25 Pl,and none
Day 39 Pl or later. All Principals were seropositive by Day 18 Pl and remained so for

the rest of the trial.

First and last Pl Day of the 2-week exposure period. Sentinels were placed in isolation

for 14 days after the last day of the exposure period. Blood samples were collected
on the first and last days of the exposure period and on the last day of the isolation

period.

Transmission was determined by isolation of virus from serum samples or a positive

ELISA test (HerdChek ELISA; IDEXX Laboratories, Westbrook, Maine) on the last day of
the exposure period or 14 days later. An ELISA sample:positive ratio =0.4 was

considered positive.
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remained seropositive for the remainder of

the trial.

The first two Sentinels were both seroposi-
tive and viremic on Day 20 PI, the last day
of the exposure period. They were seroposi-
tive but not viremic on Day 34 PI, the last
day of the isolation period. Evidence of
transmission is summarized in Table 1.

The second pair of Sentinels, exposed to
the Principals from Day 27 PI until Day
41 PI, were seronegative on Day 41 (the
last day of the exposure period) and on
Day 55 PI (the last day of the isolation pe-
riod), and were not viremic on Days 41

and 55 PIL.

The third Sentinel pair was exposed to the
Principals from Day 48 PI until Day 62 PI.
Both Sentinels were seropositive on Day 62
(the last day of the exposure period) and
Day 76 PI (the last day of the isolation pe-
riod). Neither pig was viremic on Day 62
or 76 PL

The third Sentinel pair was the last one to
become infected. The experiment was
ended after five more consecutive exposure
cycles without evidence of virus
transmission.

Trial Two

All five Principals were viremic on Days 4
and 25 PI, and four of the five were
viremic on Day 18 PI. Virus was not iso-
lated from serum of any Principals after
Day 25 PI. All Principals seroconverted
before Day 18 PI and remained seroposi-
tive for the remainder of the trial.

The first two Sentinels were seropositive on
Day 18 P, the last day of the exposure pe-
riod, and on Day 32 PI, the last day of the
isolation period. They were not viremic on

Day 18 nor on Day 32 PL

Only one of the second pair of Sentinels,
placed in contact with the Principals from
Day 25 PI until Day 39 PI, was seroposi-
tive on Day 39 DI (the last day of the expo-
sure period). However, both pigs were
viremic on Day 39 PI. Both pigs were se-
ropositive but neither was viremic Day 53
PI, the last day of the isolation period.

The third Sentinel pair was exposed to the
Principals from Day 46 PI until Day 60.
Both pigs were seropositive on Day 60 (the
last day of the exposure period) and on day
74 PI (the last day of the isolation period).
Neither pig was viremic on Day 60 or 74
PIL.

The third Sentinel pair were the last pigs to
become infected. The experiment was
ended after five more consecutive exposure
cycles without evidence of virus
transmission.

Discussion

After the Sentinels had been exposed to the
Principals for 2 weeks, they were isolated
for another 2 weeks to allow time for
seroconversion. The exposure period was
selected so that if transmission occurred,
the Sentinels would be seropositive,
viremic, or both when they were removed
from the Principals’ room. Previous re-
search demonstrated that pigs became sero-
logically positive within 13 days after in-
oculation when tested by the assay used in
this experiment.6 Therefore, it was felt that
if transmission occurred near the end or
even on the last day of the exposure period,
the Sentinels would have sufficient time to
seroconvert during their 2-week isolation
period. If, however, seroconversion did not
occur before the end of the isolation pe-
riod, it was expected that, in cases where
transmission had occurred, viremia would

be detected.

The Principals in Trial One, as a group,
remained contagious through Day 62 PI
but did not transmit the virus after Day 69
PI, and the Principals in Trial Two re-
mained contagious through Day 60 PI but
did not transmit the virus after Day 67 PI.
In general, when transmission was demon-
strated, both of the Sentinels were seroposi-
tive at the end of the exposure period. In
two of the five cases where PRRSV was
transmitted, the Sentinels were both
viremic and seropositive at the end of the
exposure period, but were not viremic at
the end of the isolation period, 2 weeks
later. In the other three cases, Sentinels be-
came seropositive, but viremia was not de-
tected. These pigs had ceased to be viremic
within 14 days of initial exposure to the
Principals. Other researchers have shown
that the duration of viremia is shorter in
sentinel pigs than in inoculated principals.S
In a study in which blood samples were
collected daily from eight pigs for 15 days
PI, pigs became serologically positive 9 to
13 days after inoculation (Herdchek
ELISA, S:P ratio =0.4 considered posi-
tive).® Collectively, these results indicate
that when transmission occurred, the pigs
were infected soon after initial contact with
the Principals.

The absence of virus transmission between
the Principals and the second sentinel
group in Trial One suggests that either the
level of virus shed by the Principals during
the exposure period was less than required
for transmission, or the contact between
Principals and Sentinels was not intimate
enough for transmission to occur. It is also
possible that transmission occurred but was
not detected. Failure to detect transmission
might have occurred because viremia was
undetectable by the virus isolation methods
used, and serum antibodies measurable by
ELISA developed too slowly to be
identified within the 2-week isolation pe-
riod. In the second trial, both pigs in the
second group of Sentinels were viremic at
the end of the exposure period, but only
one was seropositive. Both were seroposi-
tive 14 days later. Although this may be
explained by normal variation in the time
required for the development of a positive
ELISA response, it may indicate that trans-
mission did not occur immediately after
exposure, and that, as in Trial One, trans-
missibility was depressed approximately 3
to 6 weeks after the Principals had been
inoculated. The apparent decrease in con-
tagiousness at this time might have been
due to an increase in immune system activ-
ity and effectiveness resulting in decreased
viral load and shedding by the Principals.
Yoon et al® showed that sentinel pigs
placed in contact with principals inocu-
lated 24 days earlier were less likely to be-
come infected than sentinel pigs placed in
contact with principals 3 days or 10 days
after inoculation, even though the first sets
of sentinel pigs were still in the room with
the principals. However, their study did
not extend long enough to determine if
transmission stopped completely after that
time. Additional trials with a higher turn-
over rate of sentinel pigs are needed to
more precisely characterize the transmis-
sion rate during this period.

Possible explanations for the successful
transmission between the Principals and
the third Sentinel groups might include a
resurgence in the levels of virus being shed
by the Principals due to immunological
changes, such as immunosuppression in-
duced by endogenous corticosteroid release
as a result of the stress of commingling of
pigs. Alternatively, more intimate contact
through increased fighting might result in
transmission, ie, viral load might not have
changed but the degree of contact between
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Principals and Sentinels might have in-
creased. The lack of transmission which
was evident after exposure of the third Sen-
tinel pairs in both trials might have been
due to decreased viral shedding by the
Principals, decreased susceptibility with
increasing age of the Sentinels, or both.

The two virus isolates used in the trials
were selected on the basis of their origin
from unrelated swine herds and their char-
acterization (different RFLP patterns).
There was no evidence to suggest that dif-
ferences in virus isolates affected transmis-
sibility. There also was no evidence to sug-
gest that differences in gender of the pigs
affected transmissibility. However, it must
be noted that there were insufficient repli-
cations of the trials to provide a statistically
valid assessment of these factors.

In other research, principal pigs remained
capable of transmitting PRRSV beyond the
approximate 2-month period that was seen
in this study. Pigs that were the offspring of
dams inoculated at 85 to 90 days of gesta-
tion remained contagious up to 112 days*
and 154 days?® of age, respectively. These
results suggest that pigs infected through
vertical transmission from their dams may
remain capable of transmitting PRRSV
longer than pigs infected through horizon-
tal, pig-to-pig transmission. It should be
noted that in the study in which the princi-
pals were contagious at 154 days of age,
they were infected with a European virus
isolate and were treated with prednisolone
prior to the observance of transmission.>
Either or both of these factors might be
responsible for differences in duration of
contagiousness.

Transmission studies with an arterivirus in
mice, lactate dehydrogenase-elevating virus
(LDV), indicate that the quality of direct
contact influences the likelihood of trans-
mission. Review of these studies provides
insight into the transmission of PRRSV,
which is also an arterivirus. The minimum
infectious dose when mice were inoculated
by oral, vaginal, rectal, or ocular routes was
103 to 10° times greater than if mice were
inoculated by intraperitoneal or tail carti-
lage injections.7 In other studies, LDV was
more readily transmitted when male mice
of a strain prone to fighting were inocu-
lated and put in contact with susceptible
mice than when mice of a strain of a less
aggressive nature were used.®? Studies in
which the incisors of inoculated or suscep-
tible mice or both were removed indicated

that LDV could be transmitted by either
injection of saliva or ingestion of blood and
tissue.” The degree of intimate contact
might also influence the likelihood of
transmission of PRRSV. Although some
fighting occurred in this study when age-
matched Sentinels were introduced to the
Principals, severe fighting was not noted.
Transmission might be more likely to occur
as a result of the more vigorous fighting
that occurs between pigs of different ages
establishing social dominance. This may
explain the discrepancy between the results
of this study, in which the pigs were of the
same age, and one in which PRRSV was
transmitted from a convalescent sow to
finisher pigs 99 days after inoculation of

the sow.!

The experiment was terminated before the
Principals had returned to seronegative sta-
tus. Therefore, it was not possible to deter-
mine if seronegative pigs were still capable
of transmitting PRRSV. However, the Prin-
cipals remained seropositive for at least 3
months after they were last shown to be
contagious to age-matched Sentinels. Ex-
trapolation of these results would suggest
that pigs previously infected with PRRSV
that have returned to seronegative status
are not likely to be contagious.

In previous research, PRRSV was recovered
from the tonsil scraping sample of a pig
inoculated 157 days previously.'® Other
research has demonstrated the presence of
PRRSV RNA in serum from 210-day-old
pigs from dams inoculated with virus? and
in serum from pigs inoculated 251 days
previously.!! Although these studies dem-
onstrate that some pigs may remain persis-
tently infected by PRRSV for months, it is
not clear how readily the persistently in-
fected pigs are able to transmit the virus.
The current study suggests that inoculated
pigs do not routinely remain contagious to
other pigs beyond 2 months. However,
further research is needed to determine
how transmission is affected by various fac-
tors, such as mode of transmission (vertical
or horizontal), gender, age of principals,
age of sentinels, host genetics, physiological
state of host, degree of contact, environ-
mental factors, and strain of virus. Until
the effects of these factors are better under-
stood, it is risky to assume that the rela-
tively short contagious period found in this
study is typical of transmission between
pigs of similar ages. Because of the large
size of modern swine herds, there is poten-

tial for resurgence of the disease even if
shedding by a persistently infected pig is a

relatively rare event.

A swine bioassay, in which naive pigs rather
than tissue cultures are inoculated with
serum collected from sentinels, might have
provided a more sensitive test of viremia,
and allowed detection of viremia in Senti-
nels with virus levels too low to be detected
by the virus isolation methods used in the
study. Increasing the length of time Senti-
nels remained in the seroconversion isola-
tion room would have better ensured that
adequate time was allowed for the Sentinels
to develop a detectable immune response.
However, in the five cases in which trans-
mission was detected, one or more Senti-
nels were seropositive when removed from
the Principals’ room, indicating that trans-
mission generally occurred early in the ex-
posure period.

Even if relatively short periods of conta-
giousness are the rule, the influx of suscep-
tible animals into a herd will allow persis-
tence of virus within the herd. A continu-
ing supply of susceptible pigs, which in
turn become “principals” that transmit the
virus to other susceptible pigs, makes it
difficult to eliminate PRRSV from the
herd. On the other hand, the results of this
study suggest that infected grower-age pigs
used as a source of PRRSV for natural in-
fection of gilts of similar age in young-gilt
acclimatization programs may only be re-
lied upon to transmit PRRSV for a maxi-
mum of 60 days.

Implications

* Under the conditions of this study, 5-
week-old pigs inoculated with PRRSV
transmitted the virus for up to 62 days
after inoculation to age-matched
sentinel pigs.

* Seropositive, non-viremic, grower-
aged pigs may be the source of spread
of PRRSV in grow-finish units.

¢ Infected grower-aged pigs used as a
source of PRRSV for natural infection
of similarly aged gilts in young-gilt
acclimatization programs may only be
relied upon to transmit PRRSV for a
maximum of 60 days.
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